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Specification 

1. Title of the Invention 

METHOD OF MANUFACTURING MOS TYPE FIELD EFFECT 
10 TRANSISTOR 

2. Scope of Patent Claims 

(1) A method of manufacturing a MOS type field effect transistor which is formed on 
a single crystal semiconductor thin film formed on top of an insulating substrate, 
comprising the steps of: forming a single crystal metal silicide film on top of said 
15 insulating substrate in the regions which will become the source and the drain; and 
forming a single crystal semiconductor thin film in the region that will become the gate 
channel by a single crystal growth method using the single crystal silicide film as a 
seed. 

3. Detailed Description of the Invention 
20 [Field of the Industrial Application] 

The present invention relates to a method of manufacturing a MOS type field effect 
transistor, and in particular to a method of manufacturing a MOS type field effect 
transistor to be formed on a Silicon On Insulator (SOI) substrate. 


[Prior Art] 

With the recent high integration and scaling down of VLSI, MOS type field effect 
transistors with gate lengths of approximately 0.8 //m are now in use. In addition, single 
crystal semiconductor thin films with good crystal growth and SOI film thickness of 
5 approximately 0.5 jum have until now been used for MOS type field effect transistors 
formed on an SOI substrate. However, when an SOI film having a thick of 0.5 fim is 
used, the MOS type field effect transistor characteristics worsen due to the two- 
dimensional effects such as the punch-through effect or the short channel effect. It has 
been recently reported, though, that by making the SOI film thickness equal to or less than 
the depletion layer thickness, one can reduce the two-dimensional effects or the substrate 
floating effect. The method of forming the thin SOI film involves first forming SOI film 
having a thickness of as much as approximately 0.5 /*m, and then thinning the film by 
various etching processes. 
[Problems to be solved by the Invention] 

However, for MOS type field effect transistors which have minute gate lengths, 
unless the SOI film thickness in the gate region is equal to or less than approximately 50 
nm, it will not be possible to sufficiently inhibit the two-dimensional effects. Due to this, 
the thickness of the SOI film in the gate region, or over the entire transistor region, must 
be made equal to or less than approximately 50 nm. However, forming a thin film over 
a large area in this way is not only difficult in previous methods such as beam annealing 
and solid phase epitaxy, but also is difficult in the current method of etching a thick SOI 
film for thinning from both uniformity and controllability standpoints. In addition, 
because the source and the drain regions become very thin, the source and the drain 
resistances can be expected to increase. 

An object of the present invention is to provide a method of manufacturing a MOS 
type field effect transistor which can eliminate the foregoing prior art problems. 
[Means for solving the Problems] 

In order to obtain the above object, the present invention provides a method of 


manufacturing a MOS type field effect transistor which is formed on a single crystal 
semiconductor thin film formed on top of an insulating substrate, comprising the steps of: 
forming a single crystal metal silicide film on top of an insulating substrate in the regions 
which will become the source and the drain; and forming a single crystal semiconductor 
5 thin film in the region which will become the gate channel by a single crystal growth 
method using the single crystal metal silicide film as a seed. 
[Operation] 

The method of the present invention differs from previous methods of manufacturing 
MOS type field effect transistors. According to the present invention, first, a thick single 

10 crystal silicide film is formed on an insulating substrate over the regions that will become 
the source and the drain. Then, after depositing an amorphous or polycrystalline 
semiconductor thin film having a desired thin film over the substrate to a preset thin film 
thickness, the single crystal silicide film neighboring the source and the drain regions is 
used as a seed, and the semiconductor film in the gate channel region is crystallized into 

15 a single crystal. For this case, the gate channel region that is to be made into a single 
crystal is no more than approximately 1 /*m, and can easily be formed into a single crystal. 
As a result, the high precision etching process needed previously when forming a thin 
SOI film becomes unnecessary. 
[Embodiments] 

20 Embodiments of the present invention will be described below with reference to the 

drawings. 

Figs. 1(a) - (e) are schematic cross sectional views showing one embodiment of the 
present invention. 

In Fig. 1(a), on top of a silicon substrate 1, an insulating film 2 having a thickness 
25 of 1 /urn is formed by thermal oxidation, and then an SOI film 3 having a thickness of 5 
jurn formed. Next, the surface of the substrate is cleaned, and a nickel film 4 having a 
thickness of 0.14 fxm is deposited on top of the SOI film 3. In Fig. 1(b), the silicon 
substrate 1 is subject to the heat treatment at 800°C for 30 minutes, and after forming a 
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single crystal nickel silicide film 5 over the entire surface of the insulating film 2, the 
region that -will become the gate channel and the region that will become the element 
separation region are etched by using conventional photoresist and dry etching processes. 
With these steps, a thick single crystal silicide film is formed over the regions on the 
5 insulating substrate that will become the source and the drain. Next, a 30nm amorphous 
Si film 6 is deposited by vacuum evaporation, as in Fig. 1(c). In Fig. 1(d), by annealing 
the silicon substrate 1 in a nitrogen atmosphere at 600°C for 2 hours in an electric furnace, 
the single crystal nickel silicide film 5 in the source and drain regions is used as a seed to 
subject the amorphous silicon film 6 to solid phase epitaxy and to obtain a single crystal 
10 Si film 7. In addition, the element separation area is etched and removed by using 
conventional photoresist and dry etching processes. With these processes, the 30 nm 
single crystal Si film can be formed in the gate channel region. In addition, a gate oxide 
film 8 is formed on the surface of the single crystal Si film 7 in the gate area by thermal 
oxidation, and after depositing a polycrystalline Si film 9, which is to form a gate 
15 electrode, having a thickness of as much as 0.5 fxm by CVD, the polycrystalline Si film 
9 is etched using conventional photoresist and dry etching processes, forming a gate 
electrode. 

In the above embodiment, NiSi 2 is used as the single crystal silicide film, but there 
need be no restrictions on this, and CoSi 3 , PtSi, Pd 2 Si, etc. can be used. Further, the single 
20 crystal silicide film thickness is 0.5 fim. in the above embodiment, but there need be no 
restrictions on this, and the above single crystal silicide films equal to or more than a film 
thickness in which the sheet resistance is 300 Q/square or less can be used. 

In addition, the film thickness of the semiconductor film that is turned into a single 
crystal is 30 nm in the embodiment, but there need be no restrictions on this, and any film 
25 thickness having at least a film thickness of the single crystal silicide film or less can be 
used. 

Furthermore, solid phase epitaxy is used as a method of forming the single crystal 
film in the gate channel region in the embodiment, but beam annealing and other 
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processes can also be used. 

In addition, a polycrystalline Si film is used as the gate material in the above- 
described embodiment, but there need be no restrictions on this, and high melting point 
metal films and polyside structure thin films can also be used. 
5 [Effect of the Invention] 

As explained above, in accordance with the present invention, it differs from 
previous method of manufacturing MOS type field effect transistors, and since the thin 
SOI film in the gate region is formed after a surrounding thick single crystal silicide film 
is formed, using the surrounding silicide film as a seed, the high precision etching process 
10 required previously to form a thin SOI film is not needed. In addition, as shown in the 
embodiment, even when the thin SOI film in the gate region is formed with a MOS type 
field effect transistor, the source and the drain regions can be formed by using a thick 
silicide film, which provides the. effect of being able to form a transistor without 
increasing the resistance in the source and the drain regions. 

15 4. Brief Description of the Drawings 

Figs. 1(a) - (e) are schematic cross sectional views showing one embodiment of the 
present invention. 

1 ... silicon substrate 2 ... insulating film 

3 ... SOI film 4 ... nickel film 
20 5 ... single crystal nickel silicide film 

6 ... amorphous Si film 7 ... single crystal Si film 

8 ... gate oxide film 9... polycrystalline Si film 
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